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Effects of an acute bout of light-intensity walking on sleep in older women with 
sleep impairment: A randomized controlled trial 
Abstract 
Study objective: This study aimed to explore the effects of a single bout of light-
intensity walking on sleep in older women with mild sleep impairment. 
Methods: A total of 40 women aged 55 years or above with mild sleep impairment 
were randomized to either a treadmill-walking session for 50 mins or a quiet-rest 
control. All participants completed the study (mean age: 60.4±4.7). Sleep quality was 
assessed by ActiGraph for 2 nights before (pre-test) and 2 nights after exercise (post-
test). A mixed-design analysis of variance was used with group as the between-subjects 
factor and time point as the within-subjects factor. 
Results: No significant group difference on demographic variables, body mass index, 
physical and mental status, and eight sleep parameters were observed at baseline. 
Significant group-time interactions existed for sleep latency (p<0.001) and sleep 
efficiency (p=0.025). After the intervention, the walking group reduced sleep latency 
by 3.3 minutes (p=0.001) and also had greater sleep efficiency (increase 3.8%, 
p=0.008), but no significant change was found in the control group. No significant 
group-time interactions were present for the other six sleep parameters (activity counts, 
total sleep time, wake after sleep onset, number and length of awakenings, or time in 
bed). 
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Conclusion: A single session of light-intensity walking led to a modest reduction in 
sleep latency and improvement of sleep efficiency in older women with mild sleep 
impairment. 
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Brief summary 
Current Knowledge/Study Rationale: Previous research tended to focus on the 
effects of moderate- or high-intensity exercise on sleep and has been generally limited 
to good sleepers. This study aimed to explore the effects of a single bout of light-
intensity walking on sleep in older women with mild sleep impairment. 
Study Impact: Light-intensity walking can lead to modest benefits in sleep latency and 
efficiency in older women with sleep impairment. A single session of exercise is more 
effective for sleep initiation than for sleep maintenance among older adults. 
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Effects of an acute bout of light-intensity walking on sleep in older women with 
sleep impairment: A randomized controlled trial 
Introduction 
Sleep impairment is a common problem among older adults.1, 2 It has been 
estimated that more than one-third of older adults have insomnia symptoms with 
women more likely to report sleep difficulties than men.3 Associations between sleep 
impairment and deleterious health outcomes have been established, including increased 
risk of mortality,4 diabetes,5 metabolic syndrome,6 dementia,7, 8 depression and anxiety,9 
as well as impaired quality of life.10 
By contrast, exercise has a range of health benefits, such as reducing risk factors 
for cardiovascular disease and diabetes11, 12 and improving mental well-being.13 
Additionally, several reviews suggest that exercise is effective for improving sleep 
quality and reducing sleep complaints.14-20 However, much of this research is based on 
samples of good sleepers, limiting the scope for improvement due to ceiling and floor 
effects.15, 17, 18, 21 
Exercise intensity may be one of the important contributing factors to the sleep 
response.17 Previous research tended to focus on the effects of moderate- or high-
intensity exercise on sleep outcomes.22-25 A review examining exercise training effects 
on sleep quality in middle aged and older adults showed that all aerobic exercise 
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programs were of moderate-intensity.16 Another review reported similar results with 
few studies adopting light-intensity exercise program.14 Furthermore, inconsistent 
results have been reported from those trials that have examined light-intensity exercise 
in older adults.26-28 
Mode of exercise may also impact the sleep outcome, but no single exercise 
type has been identified as optimal.14, 17 Walking is an accessible and common physical 
activity for older adults,29 offering a convenient low cost form of exercise that can be 
incorporated into everyday life with minimal injury risk or other adverse effects.11, 30, 
31 Research has shown benefits of walking on sleep in a longitudinal study32 and after 
a four-week walking program among older adults, though intensity was not recorded.30 
In addition to the benefits demonstrated for regular exercise, there is evidence 
of acute improvements in sleep after single exercise bouts.14 However, these studies 
largely involved younger healthy adults performing moderate to vigorous intensity 
exercise. There is a paucity of research on the effects of a single bout of light-intensity 
exercise on the sleep of older adults with sleep impairment. Since poor sleep quality is 
a significant public health issue33 and walking is an accessible exercise option, this 
study explored the effects of a single session of light-intensity walking on sleep 
outcomes in older women with sleep impairment. 
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Methods 
Participants 
Potential participants were recruited from two communities in central Taiwan by 
telephone with the help of community organizers. Only women were recruited in this 
study since previous research indicates more sleep difficulties in females than in males. 
Those who were interested in the study were invited to attend an orientation meeting if 
they met the following eligibility criteria: aged 55 years or above; without cognitive 
impairment; able to communicate; reporting poor sleep quality; not taking 
sleep/psychotropic medications; not clinically diagnosed with sleep apnea or other 
sleep disorder; and not exercising regularly (i.e. more than twice per week). Forty-five 
older women participated in the preliminary meeting, at which the researchers 
described the study purpose, procedure, and the exercise program and rest condition. 
These potential participants completed the Physical Activity Readiness Questionnaire 
(PAR-Q) and initial sleep assessments. The PAR-Q is a simple self-administered health 
questionnaire to examine the safety or possible risk of exercising for individuals based 
on their health conditions.34 Participants who answered ‘Yes’ to one or more PAR-Q 
questions were excluded. The initial sleep assessment was made through the Chinese 
version of the self-reported 5-item Athens Insomnia Scale (AIS-5)35. This study aimed 
to examine the effects of a single session of exercise among individuals with less than 
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optimal sleep quality, thus, individuals who scored above 5 on the AIS-5 were included 
in the study.32 Among the 45 potential participants, 3 did not meet the criteria and 2 
decided not to attend the study because they could not accommodate the schedule, 
resulting in a sample size of 40. These participants signed consent forms and were 
assigned a number from 1-40. A simple randomization method was used to randomize 
participants into two groups using Microsoft Excel 2016 (Microsoft, Washington, US). 
They were randomly assigned to either a treadmill-walking session (n=20) or a quiet-
rest control (n=20). All participants were aware of their group assignment. Participants 
who attended the study were rewarded with TWD 400 (approximately USD 14). All 
participants completed the study. Previous research has indicated a minimum of 12 
participants per group is able to detect a small effect size of physical activity on sleep 
outcome with setting beta at 20% and alpha at 5%.36 The study was approved by the 
institutional review board of Antai Medical Care Corporation Antai Tian-Sheng 
Memorial Hospital, Taiwan. 
Intervention 
Participants were asked to walk on a treadmill at light-intensity for 50 mins (10 
mins of warm-up, 30 min of walking at 45-55% of age-predicted maximal heart rate 
(MaxHR), and 10 min of cool-down) in the afternoon. Walking speed was adjusted to 
maintain heart rate at target levels. The speed of the treadmill was between 3.0-4.2 km/h 
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and the Rate of Perceived Exertion (RPE) Scale (10-point scale) indicated a self-
reported exercise-intensity level ranging from 3-4. The mean heart rates before, during 
and 10 minutes after exercise were 74.15, 90.25 and 75.75 respectively, measured by a 
wrist-worn heart rate monitor (Garmin, Fenix 3 HR). Each treadmill session was 
performed individually and was supervised by a certified instructor. Sessions were 
scheduled on Wednesdays between the hours of 14.00 and 16.00. Members of the 
control group attended at the same times of day. They were instructed to sit quietly on 
their own during this period in a separate room where water, books, newspapers, and 
magazines were available and were accompanied by a research assistant. 
Measures of sleep 
Participants wore a wrist ActiGraph (wActiSleep, Pensacola, FL, USA) on the 
non-dominant hand for 4 nights from Monday to Thursday. The means of measurements 
taken for 2 nights before and 2 nights after the exercise session were used as pre-test 
and post-test data respectively. The sleep data were obtained from ActiGraph monitors 
and analyzed by ActiLife software version 6 using the Cole-Kripke algorithm, including 
eight sleep indices (sleep latency, total counts, sleep efficiency, total sleep time (TST), 
wake after sleep onset (WASO), number of awakenings, length of awakenings, time in 
bed).22, 37 Participants also recorded the time they went to bed and woke up in the 
morning to enable coordinate checks with the actigraphic data. 
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Participants self-reported age, marital status, years of schooling, average napping 
time, smoking, alcohol consumption, and chronic diseases. Mental health was assessed 
with The Satisfaction with Life Scale.22 Height and weight were measured from which 
body mass index (BMI) was calculated as weight in kilograms divided by the square of 
height in meters (kg/m2). Resting systolic/diastolic blood pressure (SBP/DBP) was 
measured by an automated machine (Hartmann Tensoval Comfort, Germany). Hand 
grip tests were performed with the dominant hand using a digital straingauge hand 
dynamometer (Takei TKK 5401, Takei Scientific Instruments, Tokyo, Japan)6 with the 
mean scores (lb) of two tests recorded as the measures of muscle strength. 
Data Analyses 
Descriptive statistics were calculated for exercise and control groups. T tests or 
χ2 tests were performed to test for differences at baseline between the two groups. A 2
×2 mixed-design analysis of variance (ANOVA) with repeated measures was used to 
examine the effects of the intervention. The between-subjects factor was group 
(exercise group and control group) and the within-subjects factor was time point (pre-
test and post-test assessments for each sleep index). If significant interactions were 
found, simple effects of time within each group were examined. The level of 
significance was set at .05 for all statistical analyses which were performed with SPSS 
statistics 22 (IBM, New York, US). 
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Results 
Table 1 shows the baseline characteristics of participants. Briefly, participants 
had a mean age of 60.4 (±4.7), a mean BMI of 24.1 (±3.9) kg/m2, and mean SBP of 
128.1 (±18.5) mmHg. There were no significant differences between the two groups at 
baseline on demographic variables (age, years of schooling, marital status, smoking, 
alcohol consumption, and average napping time), physical status (BMI, blood pressure, 
and muscle strength), or mental well-being (life satisfaction). 
Based on the 2-day actigraphy monitoring before exercise, there were also no 
significant differences on any of the sleep indices between the intervention and control 
groups at baseline. Overall total sleep time was short at 329.5 (±56.9) minutes, although 
greater variation was noted among the control group. Mean sleep efficiency was 79.6 
(±9.5) % placing this sample in the poor sleep range since a sleep efficiency of 85% or 
more is regarded as normal.22, 37 As often seen in this population, sleep maintenance 
was more problematic than sleep initiation, with a mean time awake after sleep onset 
of 75.1 (±39.9) minutes. 
-------------------------------------------------------------- 
Table 1 - Baseline characteristics of participants in intervention and control groups 
-------------------------------------------------------------- 
Results of the ANOVA and the mean changes in sleep parameters pre- to post-
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test in each group are presented in Table 2. A significant group x time interaction was 
noted in sleep latency (F(1, 38)=15.062, p<0.001, partial eta squared=.284). To break 
down the interaction, the simple effect of time within each group was tested. After the 
intervention, the walking group had significantly reduced sleep latency from pre-test to 
post-test by 3.3 minutes (p=0.001) whereas the control group increased sleep latency 
by 1.6 minutes (p=0.120). The interaction graph reveals a mean difference of 5.3 
minutes in sleep latency between the two groups at post-test (Figure 1). 
-------------------------------------------------------------- 
Table 2 - Results of the ANOVA and mean changes in sleep outcome pre- and post-
test between groups 
-------------------------------------------------------------- 
A significant group difference was seen in sleep efficiency (F(1,38)=4.287, 
p=0.045, partial eta squared=.101) and it was qualified by a significant group x time 
interaction (F(1,38)=5.453, p=0.025, partial eta squared=.125). Probing the interaction 
revealed that the walking group reported a significant increase in sleep efficiency from 
pre-test to post-test (increase 3.8%, p=0.008), but the control group had a 1.3% decrease 
in sleep efficiency (p=0.480). The interaction graph shows a mean difference of 7.8% 
in sleep efficiency at post-test between the two groups (Figure 1). 
-------------------------------------------------------------- 
Figure 1 - Sleep latency and sleep efficiency between groups by time 
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-------------------------------------------------------------- 
No significant main effects or interactions for the other six sleep parameters 
(activity counts, total sleep time, wake after sleep onset, number and length of 
awakenings, time in bed) were observed (all p>0.05). 
 
Discussion 
This study was designed to examine the effects of a single session of light-
intensity walking on sleep outcomes in older women with sleep impairment. The results 
demonstrated that an acute bout of light-intensity walking has modest effects for two 
of the eight sleep outcomes for this population, in reducing sleep latency and increasing 
sleep efficiency. 
These findings are in agreement with earlier studies using chronic intervention 
designs among older adults that suggested light-intensity exercise had benefits for some 
sleep parameters.26, 28 One study examined the effects of an 8-week light- and moderate-
intensity exercise (10 minutes warm-up, 35 minutes walking/running, 10 minutes cool-
down) on self-reported sleep measures among older men. The results showed that the 
light-intensity exercise group (40-50% MaxHR) reported significantly better sleep 
quality and all other sleep parameters than the control group, although exercise at  
moderate-intensity (60-70% MaxHR) led to the best sleep outcomes.26 Another study 
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investigated effects of a 9-month light- and moderate-intensity exercise (15 minutes 
warm-up, 30 minutes cycling, 10-15 minutes cool-down) on self-reported sleep 
measures among older adults. It found that light- and moderate-intensity exercise (30-
40%, and 60-70% of heart rate reserve respectively) improved to a similar degree on 
self-reported sleep quantity, indicating no superiority of moderate-intensity over light-
intensity exercise.28 
The area of acute exercise research is still unexplored and the results are not  
conclusive due to the limited trials available.21 One study similar to this work showed 
no significant improvement on sleep outcomes with device-based measures after a 
single session of treadmill walking (72±15 minutes) at light-intensity (45% VO2peak) 
among healthy older women.27 One of the reasons for the inconsistent findings may 
relate to the existing sleep patterns of participants. Women in the previous study were 
good sleepers with a baseline total sleep time of 431 minutes. However, participants in 
this study were individuals with sleep impairment, reporting less than 6 hours (329.5 
minutes) total sleep at baseline. Ceiling or floor effects may therefore have 
underestimated the value of light-intensity exercise on sleep in previous research. 
Moreover, the earlier study did not provide results relating to sleep latency and sleep 
efficiency, which were shown to significantly improve after an acute bout of light-
intensity exercise in this study. 
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Interestingly, the reductions in sleep latency and improvement in sleep 
efficiency, considered two of the most important indicators of sleep quality,38 were not 
matched by any significant changes in total sleep time or wake time after sleep onset in 
this study. This might suggest that an acute bout of exercise is more effective for sleep 
initiation, than for sleep maintenance among older adults. Some support for this comes 
from another acute exercise trial involving adults with insomnia.39 Following a 
moderate intensity exercise session, the largest benefits were for reducing sleep latency. 
Mechanisms of exercise effects on sleep include anxiety reduction, body temperature 
elevation, and energy depletion.17, 21 These might help explain the reduced sleep latency, 
which contributes to the improvement of sleep efficiency among participants in this 
study. 
 
Strengths and Limitations 
This study is the first to assess the effects of an acute walking intervention on 
sleep quality in older adults with sleep impairment. It used a rigorous randomized 
design, a carefully monitored exercise session, and objective measurement of sleep. 
Nonetheless, some limitations should be acknowledged. This study only included older 
women. Caution is needed therefore when interpreting these findings, which may not 
generalize to other populations. Wrist actigraphy is useful in the estimation of several 
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sleep parameters (e.g. TST, WASO), but is less reliable in terms of estimating sleep 
latency.40 However, we asked participants to record the time they went to bed which 
might mitigate the effects. In addition, the time of day for napping among participants 
was not reported. Naps taken at different times of the day may differently affect sleep.41 
It is also conceivable that the enhancement of sleep in some of the participants might 
be explained by the exercise program coinciding with usual napping times, hence 
preventing the nap. Furthermore, expectancy effects cannot be ruled out, since an 
exercise session was compared with a rest condition. We did not administer any 
subjective measures of sleep quality. From a behavioral perspective it would be 
interesting to know if some participants might perceive improved sleep after exercise 
and continue the practice. Finally, since the current study assessed the acute effect of a 
single bout of light-intensity exercise, it did not provide data on any sustained impact 
on sleep over subsequent nights. 
In conclusion, this study suggests that low intensity walking can lead to modest 
benefits in sleep latency and efficiency in older women with sleep impairment. These 
findings may provide clinicians with reassurance that even small increases in exercise 
for patients may have some benefit to sleep, and this may be a starting point towards 
meaningful behavioral change. More research is needed on this topic to investigate how 
to optimize the potential improvements in sleep in this population to increase the public 
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health reach. 
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Figure Titles and Captions:  
Figure 1: Sleep latency and sleep efficiency between groups by time  
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Tables: 
 
Table 1: Baseline characteristics of participants in intervention and control groups 
Variables Intervention Control p 
Sample size (n) 20 20  
Marital status (Married) (%) 45.2 54.8 .132 
Smoking (No) (%) 57.1 42.9 .096 
Alcohol drinking (No) (%) 53.1 46.9 .429 
Age (years) 61.0(5.1) 59.8(4.3) .427 
Schooling (yeas) 11.5(2.6) 9.8(3.4) .084 
Napping time (min) 18.0(20.7) 21.0(32.4) .729 
Weight (kg) 56.8(8.6) 61.1(10.4) .171 
Height (cm) 156.1(5.8) 156.6(5.0) .761 
Body mass index (kg/m2) 23.4(3.9) 24.9(3.9) .252 
Systolic blood pressure (mmHg) 124.7(15.2) 131.4(21.3) .269 
Diastolic blood pressure (mmHg) 78.5(12.0) 81.8(9.3) .340 
Handgrip (lb) 48.0(13.5) 52.9(13.4) .283 
Life satisfaction (score) 25.0(6.0) 25.7(5.1) .714 
Sleep index    
Sleep Latency (min) 7.6(5.6) 8.0(3.9) .795 
Total Counts (count) 38946.9(20315.6) 41148.0(21314.8) .740 
Sleep Efficiency (%) 81.0(8.6) 78.2(10.4) .367 
Total Sleep Time (min) 331.8(42.4) 327.3(69.5) .809 
Wake After Sleep Onset (min) 69.0(40.1) 81.2(40.0) .343 
Number of Awakening (times) 18.5(5.3) 21.8(7.4) .114 
Length of Awakening (min) 4.0(1.7) 4.0(1.4) .988 
Time in Bed (min) 408.9(38.4) 419.2(71.5) .575 
Data are expressed as mean (standard deviation) 
19 
 
 
Table 2: Results of the ANOVA and mean changes in sleep outcomes pre- to post-test between groups 
Sleep index Intervention Control Time effect (p) Group effect (p) Group-time interaction (p) 
Sleep Latency -3.3(3.6) 1.6(4.4) .182 .083 <.001* 
Total Counts -5986.7(18630.8) 1262.4(23358.3) .484 .236 .285 
Sleep Efficiency 3.8(5.7) -1.3(7.9) .251 .045* .025* 
Total Sleep Time 9.9(35.8) 10.8(55.8) .172 .820 .949 
Wake After Sleep Onset -10.2(33.9) 9.9(34.2) .976 .059 .069 
Number of Awakening -1.2(4.4) -0.3(3.5) .276 .065 .482 
Length of Awakening -0.4(1.4) 0.4(1.9) .995 .375 .133 
Time in Bed -4.3(39.7) 19.5(52.8) 308 .195 .115 
Data are expressed as mean change (standard deviation); * p<0.05 
 
